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BACKGROUND 



Fielo o' tne invention 



The presen: invention resales to a metnoc io: ;overtng a substrate with an essentially bioaegraaaole 
protein foam, barrier. More particularly, the oresen- invention relates to a method tor providing protein 
containing team coverings to substrates sucn as landfills, sewage noldsng tanks, contaminates soil sites, 
s.uooe aeposts, comoos: piies and the iiKS, to effectively form? a semi-oermanent foam! layer between tne 
exposed surfaces o* such substrates and tne environment surrounding them. 

In an. alternative embodiment tne oresent invention also relates to a metnod for Droviding a foam 
coven ng to substrates such as buildings anc other natural and artificial structures to protect such substrates 
from adverse environmental conditions such as ooliutec air or water, insects, extreme hot anc cold 
temperatures, toxic vapors and the like. For example, it is often aesirab-e to orovide a protective foam 
c-arne'' layer on the exposed surfaces of buildings or houses thougnt to be in tne patn of forest or brush 
fires 

In another alternative embodiment the present invention can be used to enhance the action of "oil- 
eating" bactena used in the ciean-up of petroleum soills by acting as a medium to hold the bacteria in 
contact with the spilleo oil. 

Although tne method and apparatus descrioed herein may be readily applied to ali of the substrates 
recited aoove ; tor simplicity and convenience, this invention will be described in connection with its 
application as a covering for a landfill waste site. In, this application tne protein containing foam is used as a 
substitute for the dirt cover customarily applied tc such landfills. It is to be understood, however that the 
description of this invention as applied to a landfill is merely intended in an illustrative sense and is not to 
be limited to a single application. 

2 Background c the Invention 

In ooth the United States and the United Kingdom, regulations on the dumping of waste as in 
commercial and municipal landfills generally require tnat the surface of the landfill, containing tne day's 
deoosit of waste, must be covered on a daily oasis. Typically, such regulations require that the waste on the 
exposed surface of the landfill (the working face) must he covered by a six men (15 cm) layer oi earth. 
These regulations are designed to reduce the spread of disease and trash by insects, vermin, birds, etc. Dy 
limiting tneir access to the garbage. Covering tne day's refuse also serves to reduce odo^ and polluting 
vapo-s anc fumes. 

This requirement for covering tne day's refuse places a heavy buroen on the landfill operators by 
teauiring a substantia: amount of iabor and equioment to accomplish the daily covering operation. The 
requirement is a:so costly to tne environment as tne available landfill space is rapidly depleted. The addition 
of si> inches of eartn daily effectively uses up a great aeal of available space witnin the landfill which could 
otherwise be used to contain more waste. Witn avai.abie space being rapidly depleted and land or ices 
increasing, this will certainly become an even greater burcen in the future. 

Tn:s problem has been previously addressed ir U.S. Patent No. 4,421.788 to Kramer- and ^.519.338 to 
Kramer et al. which disclose use c* a nardenaoie plastic foan in p,ace of the soil. The orocesses described 
■n these patents claim it is possible tc reduce the thickness of tne cover to approximately one to two inches 
or perhaps sligntly less while still acnieving an adequate co%/er to provide the protection required. While a 
reduction in the amount of wasted iandfil area and trie taoor required for application of the covering is 
reportedly achieved, these oatents make no mention of the environmental effects of the nardenaoie foam 
itself. For example, these disclosures are siient as tc how long it takes for the toam itself to oreak down, er- 
as to now much valuable landfill soace remains occupied by the hardened foam, or the effect the hardened 
foam has on drainage parameters within the landfill. Although a great improvement in the amount of waste 
landfill voiume has been achieved, further reduction is aesiracie as well as improvement in the biodeg- 
radabiiity of the foam. 

Protein based foam nas been usee for fire fighting and treatment of hazardous material spills in the 
past. It :s known to use xantnan gums as an additive tc sucr foams as fo ( example described in U.S. Patent 
No. 4,424. 1 33 tc Muliigan. However, tne foam desrrioed in this patent is not suitaole for use as a temporary 
cove- for the substrates Described Herein because it iacKS the iong term stability anc is less resistant to ram 
and wind. 

Tne present invention addresses these needs by providing an improved method and apparatus for 
covenng substrates sucn as iandfilis using a protein foam Ir aodit-on to the foam composition being readily 
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otoaearaaaoe. tn<s comoos'tio- -.a-. actualr a-- :: tne n-nent vai-e t-e se an- n e :c comcte 
oioaegrasauor o*' tne iandfil waste as we, as aoan; suostani a no:s:jre anc s:me ae-ator n essence 
aue r: tne jn,:3je ^ractensues of tnt comocs'tior oescnoec herem a 'can :s crociucec wrr :s eaoaoie 
- ■ work.nzj :r •■arrnony with nature. 

SUM MARY OF THE INVENTION 

I" is ar- obiect o*' the present invention to provice an improved method fo- use m cove- ng the su-race o* 
a substrate, sucr as a land-ii;. sewage nolomc tanK. contaminates sol hazaras-j* waste c sucge oeoosrt 
compost piie ana tne line. 

,s £ fur1her ob - ,ect of the Present invention tc Droviae an improvec metnoc for apoiymc a Detective 
covering to buildings and otnor artificial and natural structures. 

It is a furtner object of the present invention tc proviae a orotein based fcarr. for use as a covonnp or 
earner wmch ;asts :or uc to severe days oefore collapsing ana ultimately taxes uc essentially no space/ 

It is another object of this invention tc proviae a protein foam cove'- wh.cr is easy tc aoply sucr, that 
reauctions ,n labor can be achieved wn.cr are similar tc those ootained using prior art naraenable foam 
application methoas. 

It \z sti ! another object of this invention to proviae a protein foam cove- that is non-polluting and non- 
film forming and does not leave a permanent residue 

It is stili another object of the oresent invention to orov.de a protein containing formulation optionally :r 
tne form of a concentrate which can oe mechanically manipulated tc produce various aense foam niankets 
with a lire c* ud to five days or longer with resistance to ram and wind. 

These ana other objects and advantages of the invention will become aooarent to those ski lied in the 
art upon consiaeration of the following aescnption of the invention. 

In one embodiment the present invention provides a method fo- covering a substrate having one or 
more surfaces exposed to tne environment to provide a temporary or semi permanent foam Darner iayer 
between tne suostrate and the environment. This method comprises in combination, tne steps of providing 
an acueous solution or dispersion containing an essentially bioceg*aaaoie protein case materia! and one or 
more foam stabilizing agents; mixing this solution or dispersion with air las bv mecnanica manipulation) tc 
produce a foam; and tnereafter applying the fcarr to tne exposed surface or surfaces 0"' the suostrate m be 
covered The foamed surface thus produced may oe leveled to produce a substantially uniform laye' 
tnickness. 

Ir. still anothe- embodiment a metnod and apparatus are provided for treating landfil waste wnerer - 
orote.n based solution preferably diluted from a concentrate using tne landfill own ireatec teacnate. is 
mixed with atr in a foam production nozzie anc tner spread tc ar approximately uniform tmcKness ove- the 
surface of the landfill, he foam is spreac py ar apciicato* foiiowec by ar miegra' leveier wmcr scrapes tne 
surface of tne foam to produce a relatively uniform ream iaye' approximate! < four to si> inches aeec Tne 
oroter icam saver car oe formjlatec to last fo- severa! oavs anc serves t: Keen anmaic ou: o* tne leiusr 
anc reduces emission <s vaoo-s wnne eliminating tne noec for a Gaily cove- & cartr ove- m-; ret use Tn- 
r,rov,aos substantia 8 atomic benefits whi.e reduce g tn, : wasiec v;,ijt. ( 0 - :nc lar.cfil previous v occcniec 



; iqi: 



rr ' c ^ :i:>r ' :oi>evLO u '' : a<c ^c.c w r ca-t c.j.am, ir tne aocenoe 



Eio vantages tne'ey. may oe oest uncierstj 
unct-on wiit tne accompanying a raw no fiacres 



eierence tc tne. ioiow nc oescnptior: ia<ei 



BRIE- DESCRIPTION Or 1 HE DRAWING 

r- I-3URE t snows a s>de /tew :f a foam areola: 1 ?- aroa-atus tne 
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nycciysec oro\e\r concentrate case Sue- ^ynroiysec protein cases a r e wei; Known m tne fire fiani^c 
^oam an. Tne* are oroducec oy ryoroiysrg Keratir containing matenais sucn as ammai hooves anc Horns', 
nsn scaies. nan o- featners. Aloumer. oieoomea.. cany derived proteins o r proteins frorr vegetables sucn 
as soy cear mea:. etc are otne- soirees o r orotemaceous starting matena.s. One c more foam staoiLzmc 
agents :s aadec to er nance trie buooie stability of trie foam. Various foarr- siaoiiizmg agents may be usee 
such as^ poiyvaient meta^ salts, gums polysaccharides, soiube siarcnes. starcn polymers anc deliques- 
cent. Freezing point aeoressants sucn as poiygiycols or otne^ glycol ethers may be addee in smal. 
acantities to retard freezing of tne concentrate in coider weather but a-e not necessary. A concentrate of 
this mature is adoed tc water at tne time cr use. o: possibly as much as a few hours before, to produce a 
foam solution. 

Uni.ke the piast.c foams wh.ch have oeen used for such applications as insulation, tne present foam is 
not a oiastic. gelled or curec foam product. It is derived from natural animal wastes rich in protein. 
Moreover, it contains no pnosonates. mercury or other materials identified as contaminants or pollutants, 
and is essentially bioaegradabie. 

The proteinaeeous materials may oe b-oken down into oeptioes, polypeptides and salts of ammo acids 
via aikaiine nyoro'ysis with lime or caustic sodium hydroxide (NaOH). The resulting protein nvdroiysate is a 
major component of tne foam concentrate. Otner metnods for producing the protein hydrolvsate may 
equally well oe used. 

Because tne naturally derived o-ctein case has been shown to be non-toxic, non-polluting and 
completely biodegradaole, i: is beheved to be a superior covering material for landfills Because of these 
attributes, the use o' sucn foam is perceived to be more biologically compatible with nature, thus 
overcoming the otherwise environmentally objectionable aspects normally associated with landfills, munici- 
pal waste and land reclamation projects in general. 

The basic composition of tne protein foam concentrate of tne preferred emoodiment is shown in Taole 
1 below: 



TABLE 1 



COMPONENT 


APPROX. PERCENTAGE 


protein nydrolysate (concentrate; 


35-70 


polyvalent meialii: salt 


1.0-2.5 


foam oooster 


3-7 


bactericide 


0.1-0.2 


dispersant 


10-14 


water 


balance 



with all percentages being Dy weight unless otne-'wise stated. 

A more preferred formulation of tne roam concentrate is snown in Taole 2 beiow: 

TA3LE 2 



COMPONENT 


PERCENTAGE 


protetr hyoroiysate i concentrate] 


35-70 


iron salt (Ferrous CnfOndei 


1.0-2.5 


foam, booster 


3-7 


bactencice 


0.1-0.2 


sodium lignosulforate 


10-14 


water 


balance 



A stil: mo^e preferred composition o*: tne foam concentrate is snown ;n "Taole 3 oeiow: 



4 
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FAB^E 



COMPONENT 


■ ■- - ■ 

^ER 7EN . AG r 


iton S3': .'Ferrous Chioriaei 


r> -« -»/- 

1 .80 


hex vie ne giycoi 


3.24 


Nipaciae 3C P 


0.18 


sodiun hgnosuhonate 




iMa-asoerse N-22; 


-2.98 


water 


-7.80 



Tne protein nyaroiysate is commercially available as a 35-50°,c concentrate naming a pH from 
approximately 7 to 8 anc a specific gravity of 1.148 tc 1.152. I 4 , can be obtained from any of a numoer of 
manufacturers of protein based fire fighting foam or it may oe hydroiyzec, as previously described, from the 
protein found in animal hooves, horns etc. Tne concentrate can be made, for example, by iime hydrolysis. 

A polyvalent meta' sal: is aodec preferably to piuviue a ievei of foam stabilization by bonding tne; 
reactive sites on tne p-oteir residue, gums or other oolyeiectrolytes in the formula. Ferrous chloride is the 
agem of choice as it is relatively inexpensive and is not considered to oe environmentally hazaraous. 

Desirably any number of known freezing point deoressants may be aaoeo to the basic formulation r 
needed. Ir particular, polyaicohois poiyglycoi ethers, glycols, etc. Reference to freezing point depressants 
is only Tor protection of the concentrate Hexylene glycol is preferred and is added primarily as a foam 
booster, although it also serves as a freezing point dep r essant. Other foam boosters suitable for use mciuoe 
diethylene glyco., dipropylene glycol and glycol ethers sucn as 2-ethoxyethanoI, 2-butoxyethanol and 2- 
(butoxyethoxy) ethano!. 

Preferably. a bactericide is added as a preservative to p-event the decomposition of the foam 
concentrate by bacteria. Any numbe r of bactericides may be used such as Kathon, avaiiaoie from Rohm S 
hlaas Co.. Nioacide BCP or Nipaciae MX available from Nioa Laboratories, anc the proportions adjustec 
according to need. The proportion recitec in Taole 3 is suitable when the bactericide used is Nipacide BCP 
Because protein hyarolysates are excellent nutrient sources for microbiological file forms, a low leve ! 
tonicity biocide should oe aodec to preserve the concentrate. However, when the concentrate is diluted for 
use. the concentration of the bioeioe becomes so smal that it can no longe r - provide the preservative effect 
Thus long term holding o*' premixed solution is not aovisec. 

Many commercially available disoeosants may aiso optionally oe added tc enhance the dispersio" o ; 
ingredients and tc d-ov oe additional foamaoihty and foam stab i ; t\ . Sodiurr hgnos ulfonate so-d as 
Ma-asperse N-22. avai.aoc from Daisnowa Chemicals is orefe-red. Djt otnei dispersants sucn as iigncsul- 
fjr.atc and akv! naohtoaicnc cunonatoc mav aiso oc usee. 

"Trie bao-: team eon con vats formula is diiutcc 
tj'Puavon tc- p'OOucc team. Tne p-eforroc dilution 
f j'-otionaC At ?.'\ i..c 9~ oa-tc P. voium; o ; v\ateo,. 
■V! •• :s n«gn \ ucc: elective 

7c the aoov: r-as: *:••"*-....£.. a*- acd:::n;i • oa-^ sta- 
• es stance tc- "air a^d o* v:y-.t a^c tc no-ove tne ionc ter" 
when applied A n jrrvjG' z> : materials ca" oe usee fo r 
pc i vsaccnanae xantr.ar gun commercial'y avai.abie unoe; 
Rnn-e-Pouiftne. car nnrr.ase tne foam stability anc minimize sunaoe enosion o' ar aging foam h;anKOt hv 
wnn Tr.e nasi:: fn-muiatmr V tne foam, wit- tr,r. addition o ; a O.D8°.r pnnior p\ weignt o : van* nan o.jn may 
result ir. an increase: n me life o x the ft* am. blanket from approximately 48 Ojlvs to beyond 72 no.jrs 



app- c-x mate iv 3 1 ! 
.-ti •• tne .- .-ij-.i 



uCC- w.tr 
a ro.ativeiy 
:iucuc e rn.j 



-vato' r_> ' i c- ■ t 
w:Ol! -any- 
• en. j ail tv fear 



i measures 



ty o* tn- ican-. olanKe: 
this ou r ocsc. z o- example, tne addition o- a 
tne trace name Roooooo! 23. manufactured py 
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ooiyviru'. a ; cono- anc wate* scruple cehuiose and derivatives there' may c-e aaoeo direct y tc tne 
concentrate. Suitable co r centraiicns -n trie range o*' abou: l°-c tc 20 c -= are oesiraoie wner tnese agents are 
adaed tc tie concentrate. After dilution , they wii: oe present in tne soiin»o r i in tne range o* aoou: 0.i°-c tc 

l ,c c. 

: In ueid tests, a trree percent solution o* ioarr. aopiie:; tc a tn.'cnness o r six inches lasts approximate^ 

one tc three cays witnou: a foam stabilize-. By aadmg 0.08% xantnan gum. tne foam lasted five to sever 
cays unae-' similar environmental conditions Tne stabilized foam produced a tnick staole cove; caoaoie o* 
supposing substantia; weigh:. Wine and rain resistance properties were aisc improvec. 

In a preferred em sediment dt tne present invention tne water used to mix with the concentrate tc 

io proouce a dilute solution is actually a potable water. The treated ieacnate of tne landfill singly or mixed witr 
potable water may oe suitable. Many modem landfills have a seaieo bottom to prevent waste from passmc 
into the groundwater beiow thus causing pollution. In suen an arrangement, 't is common to drain off the 
iiquids (the leachate) obtained from tne landfill., including substances wasned down by rain water and tne 
hke, into a holding reservor where the leachate is treated. Tne most common form of treatment is simpiy te 

75 aerate the Ieacnate. In other landfills, more elaborate our.ftcation of the Ieacnate is performed. Although ir. 
some circumstances tne leachate may contain materials which will impair or perhaps even totally inhibi* tne 
performance of the foam,, this can be determined experimentally to determine the extent to which sucr 
leachate can be used. 

By using tne leachate reservoir as a source of the water for dilution of the concentrate, severa 

2 r j advantages are achieved. The leachate will likely contain numerous microorganisms of whichever strains 
tend to thrive in the environment of the particular landfill at hand. By using tnis ieacnate and reintroducing 
tne microorganisms suspended ir. the foam blanket, it is believed that enhanced decomposition of the waste 
material will oe achieved. In addition, the natural selection process which determines which strains o* 
microorganisms thrive in a oarticular landfil- environment will provide a tailor made culture which is more 

2t likely to survive in the landfill to do its job. Wnile, presumably, such microorganisms could be introduced 
into the foam compositions artificially, there is a lower probability that they could survive unless they were 
properly selected for the particular environment. 

Further advantages he in tne use of a supply of water whicn is not otherwise generally useful tnus 
conserving the supply of fresh water and recycling the leachate. This additionally serves to reduce the cos: 

si of supplying the water to dilute the concentrate and recycles tne water tc tne landfil' for further natura 
biological cleansing. In some instances, the leachate wil; likely degrade performance of the foam blanket 
This can be combatted in many instances by eitner aadmg foam stabilizers, diluting the leachate with fresh 
water, increasing the concentration of foam concentrate, o- some combination of the above. 

The effects of the variation of the ingredients and application metnods can be better appreciated upon 

35 review of the following examples. Examples 1 to 6 were conducted at an actuai operational landfill under 
similar weather condit.ons. 

EXAMPLE 1 

40 Five gallons of foam concentrate were added to 160 gallons of wate: tc produce a 3% soution ov 

volume for application tc a landfill. Tne solution was mixec by recirculation for approximately five minutes 
and then turbu.ated to proouce foam using a pump pressure of 126-140 os for the liquid injector and 90 
PS: fo- the air. At the foanr production turoutator - nozzie. equal pressures cf 75 - 90 osi for both air anc 
i:ouid were maintained. Tne nozzie was packed with small 1 2" plastic spheres and 3'8 r Raschig rings anc 

45 staimess stee shavings and delivery of the foam was through a duck-bil: shaped spreaoer. Tne foam exitee 
tne nozzle as a broad riboon-iike oand that was easily applied and folded. Foam depth depended upon tne 
foam velocity from the nozzie and the speed that the nozzle is moved. Most deposition was approximately £< 
inches thick. The foam appeared creamy as shaving cream and the useful life of the foam blanket was 
approximately 48 hours. 

50 

EXAMPLE 2 

Five gaitons of foam concentrate were mixed w : th 14-0 gallons of potabis water and 20 gallons of C.5% 
xantnan gum to produce a 2% soiutior with 0.0625% gum stabilizer. The mixture was thoroughly mixed by 
ts lecircuiation and applied unoer the same conditions as example 1. The foam appeared similar to that of 
example 1. After 48 hours, the surface had darkened in color but had not yet erodec significantly. Tne loam 
was iess friable at tne surface. Five cays later (120 hours) a significant foam blanket was still m place witn a 
depth of approximately 4 inches. The foam was still moist and the surface intact. Thus, tne addition of the 



6 
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xantna- out as a stabirze: a; least OOJOiec tne lite o' tne foarr oianke* r tr-s test. 
EXAMPLE 3 

th:s example, the iandu.: iea-unate resgrvjr was use;: as a sou ret of 160 gallons ;r ir hhih;- n_n 
aeration leacnate iwate-j. Tn s was mixes: wit.o 5 gallons c*' foam concentrate. • ecircu-atec to mix an: 
aoohec as ir. example T Tne aopearance or tne foarr. initially aopeaiec noomai. out w.tnr, c tc 4 nour^ o* 
application, run off drainage solution was noted. This did not occu- wtn e>ampie 1 or 2 24 hours later tne 
foam blanket nac snrunK and tne residue was dry and oowde-y anc easily ociiaosec in tne wine This 
solution may be acceptable wnere sno r t foam, lite san roe toieratec su:n as to f ' an overnight olanKet. 
Additional lite may De oossiDie with addition oi foam stao.iizers Difierent results can oe exoectec 
depending on the composition of tho toachate. 

EXAMPLE 4 

7 f; 

Four gallons of team concentrate were aoded to 150 gallons of ootabie water anc 5 gallons of Chuoo 
National Foam Universal Foam Concent-ate <a concentrate used as a fire fignting foam anc for hazaroous 
material spill applications) to produce a 6.25^ solution. Tne solution was mixed and aoplied to a landfill as 
in example 1. The resulting foam blanket had a creamy texture but was more elastic in movement and 
2D seemeo to set more siowiy. Tne foam tended to flow laterally to self level anc e>hibited norma! expansion. 
Drain off was evident in 3-4 hours by edge wetting. After 24 hours, the surface was ary and powdery on tne 
surface with a mois: interior. Wind erosion was noted, but tnis formulation is adequate for a 24 hour blanket. 

EXAMPLE 5 

25 

A 6.25% solution was prepared using 75 ga!ions of potable water with 2.5 gallons of concentrate and 
2.5 gallons of Chubs National Foam Aei-O-Fcam X^-3 (a fluoroprotein f;re fignting foam concentrate). Tne 
mixture was mi>ed and applied as in example 1. This formulation provides an excellent 24 hou- blanke:. 

3'j EXAMPLE 6 

A 6 C C solution was prepared using 155 gallons of potable water and 10 gallons of Chuoo National -oam 
Aer-G-Foam XL-3. The mixture was mixec and applied as in example 1 and provided a olanket with an 
appearance similar to :na: of example 1 but wnich set more quckiy and was sttffer on par; oecause of tne 
2- higne- concentration;. Tne PianKet lasted for aoout 24 hours but a: that pom* tne too surface was dry and 
diamage was notec. Ram simulated by gentle fog spray of" wate 1 collapsed tne 24 nour bianKe;. 

EXAMPLE ~ 

com oo? tion r Tao.c 3 :s ci.utec wit*"" wa:e' t: a ;u: cent rat ion :.: 3 c c anc toamec ov l.'SC o : a 
^♦a^P iiompmceec a- Toam.ng svstem. mac run- sucr a- tn;\-o. n rummc; us: r wndianc tire- ficrru'-c 
7 • ma on i no s oo tne foam tnruugn a nose witr sufneen; veioety tna: tne foam mav o-: p rejectee as 
*a- a: 1 X ! ft Too ica-r se oen-mateo -s o' a ?V* i consisiencv and a:inero: t: vc a I surfaces Tn^s i* ;? 
usee ic cove- wa!:s anc roefs o: ouiiamgs and otne- structures tc protect tnem against ignition tot, tne 
-t ;ad.an: ieai anc freora^os generates by tne passage o*' tne nre Trent o*' forest o- ocsn fres. Tn:s 
p; election lasts for up tc 48 nours. Similarly, suco foam :s usee to coat vegetation tot the estaolisnment of 
'Vet lines" to prevent the sp-eac cf forest o- orusr f res. 



EXAMPLE 8 
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2. o' ~ is acoiiec tc wmorows c contaminatec soi e> cavateo rom riazaroous 
3! is undergoing D:O r emed : aticr. Tne fear' cevents tne 'Oiease o J vaoo K s anc 
moistu-e content ir t^e wncrow: anc: sjODhes a nutrient orotr t: tne oactena 

EXAMPLE 10 

Bacteria; cu lures of the tyoe which are used tc oreaK aown soilled crude oil o* other forms o* 
D-3troieum are rnixsc witr a 3 0 -<: solution o* tne composition of Tabie 3 tr e:tne- resh o- sea water. Thc 

70 resultant solutior is foam 3d by tne metnod deschoed in example 7 anc projected on to the surface of the 
soi J I . Tne loam ac:s as a Droadcasting medium to aid in even distrioution of tne oactena and ennances the 
effectiveness o' the bacteria by holding them in intimate contact with tne soilied petrol eurr.. Tne protein 
content of the + oan also corves as a source of nutrients tc tne bacteria. 

The aoove examples demonstrate that oy blenoing trie oasic formula and/or otner protein foam 

is concentrates i: is possible tc engineer a foam with varying ororoerties such as service life. cost. etc. Further, 
tne actual mecnanica! maniouiaiion of tne foam soiut:or and air to oroduce tne foam blanket can have 
substantial impact on tne iife o* the blanket. For examoie. if tne foam is turbulatec and applied directly to 
tne surface without oemg sorayed over substantial distances, the foam tencs to las: significantly longer oue 
to the energy being expended to propel the foam being oetter utilized to better mix the foam solution with 

20 ar. Also tne propelling of the foam may actually weaken tne Dianket in seme manner. 

The orocess may be earned out using a pre-rw catch, apoiiec by any conventional compressed air 
foaming system or oy a turbuiator foam generator nozzie However, systems using precise proportioning 
techniques may also be usee to balance the foam concentrate with tne diiutant. By using proportioning 
techniques, there is no left over Dremix tc dispose of and thus these techmaues are generally preferable. 

25 The performance of the system is based on composition's/ of tne foam concentrated and the 

mechanical manipulation of the foam solution. Ideally, tne foam solution conversion which optimizes air (or 
gas) entrained and minimizes unconverted solution or interstitial liquid gives oest results. Under these 
conditions, wet densities shouid range from approximately 3 to 5.2 lbs cubic foot with expansions o- from 
20 tc 1 through "2 tc 1 respectively. For example, a foam bianKe: 6 inches ir thickness has a wet density of 

22 1 5 lbs to 2.6 lbs square foot oeoending on expansion. 

Foam staoiiity is a dree: functor oi bubbie size anc consistency of bubble size. A homogeneous foam 
tnat would aliow formation o J poiynedrons having f.at faces in the shape of a pentagon, such as 
dodecahedron wouid be ideal In roractice. using the production method to oe describee, nearly uniform 
bubble texture is onse-vec Buboie sizes o* 0.050 to 0.25 inches but in any case less tnan about 0.5 inches 

25 ir. diamete- aopea^ tc give the most acceptable oianKet oerformance. Consistency in ouooie size is more 
important than actua. size out for the solutions oi tne present invention, smaller bubble sizes are generally 
better. Unlike insulating foams and the like where b-y densities yield light cellular structures, tne wet density 
o" landfill roams., hence smal: bubble s.zes. is more cesirabie because it aocs mass tc nold down debris 
and resist surface erosion by moderate wines and hoias water 

*c Turning now to the d-awinc in which iike reference numeral designate corresponding parts throughout 

tne severa figures thereof, and in particular tc FIGURE 1 in conjunction witn FIGURE 2. a vehicle mounted 
proportioning apparatus used for aooiication of tne foam cover of tne present invention is snown. In tnis 
embodiment, tne foam soreachc device is mountec to a Puhoczer o r similar ;anc venicie such as a 
Caterpihar 40" tripie grouse- track loader undercarriage cr ctner iow profile wide tread vehicie for traveling 

<s over the corr.pressec sunace of tne landfill (working face- 10. Such a vehicle :s shown as 12 in tne figures. 
Ir some embodiments o- tne present invention, as in tnis figure, the vehicle may oe a special ourpose 
vehicle used primahly to- aophcaton cr the foam. In other embodiments, the foam, producer equipment 
may be temporarily mounted in the bucket of a bulldozer or simiia f ' machine or may be towed oehind the 
venicie. The torwa-c direction of movement of tne venicie is shown by the arrow in FIGURE 1 and FIGURE 

5C 2 

Tne bed ".4 of the venicie 12 Carries an ai' comcresso- 16 (or possibly a tank of compressed air) driven 
by a motor 18 tc provide ar for mixing witn the foam solution Tne wate r or leachate is earned in a plurality 
of tanKS 20. Solution is made from tne aoove foam concentrate and water in a proportioned Total tank 
capacities of approximates 1000 to 3000 gallons are generally satisfactory. 
to A water pump 22. p r efe"ably a positive displacement wate r pumo. pumos the water from tne tanKS 20 

into a proportions!- and tr-en to a manroid feeding t olurality of turbulators 24 and foam, production nozzles 
26 mounted at the rear of venicie 12. The water pump 22 may be driven by an independent power source 
such as an electric generator or may tap into the powe? train o*f tne vehicle to operate tne pump. An oi 1 



Tne foam^ of examoies i 
waste ciea^-uDS wner^ t r, c- s 
ocors. ma.nta.ris a r e*"'ec'!ve 
as :t breaKS cowr.. 
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recover jn.: 28 is usee to recove* oi " r o~" tne ar ocmo-esso- in & known ma^nc A car o* taons 30 
ear-; ^:.an concentrate are mounte: tc eitne- sioe c* tie compressor 15 anc mote '£ Tre vemcie's 
e~g;ne 32 anc associated nanoware 's ocsitionec a* a centra a r ea c* tne vemcie '2. 

Trie wate* o- eacnaie arc ic-csn c on., cr r-i a 5 .e ma\ Le '^'x^. ir a Know manne* using enow 

; L>r jporiiumny technic] jr?s such at muse used in pnu portioning foarr generation equipment i;seo 1c? fire 
f-gntmc to produce trie pioper percentage solution. Staoii.ce- can oe aooec tc tne water o: ieacnate o- ."' 
tne scaoiizei does not cause long lerrr storage prooiems it car oe added o r provided ir tne concert-ate 
Tne solution :s tnen suopiiec to a manroic connecting a plurality of turpulator - nozzie assempiies Ir tne 
emoodimem snewn. seven such turbuiato- - nozzie assemohes are connected togetne- on 22 in or centers 

?: tc provide a oat" cr foam approximates 12 reet wine. Wner tne foam :s dispensed from tne spreader 
portion 26 of tne nczzie. it is wiped tc a consistent neont oy a p.asti: (o* me;a cr otr.er suitapie materia" > 
screec 34. 

The turbulator - nozzle assembly of a preferred ombodimont is shown in FIGURE 3 and FIGURE 4 This 
assembly is made of 3 8" tmck stanaarti metal or stee; tuomg wnicn is shaoea anc weiaed into tne 
ts configuration snown Tne spreaaer 26 is aporo/imatei y 15 inches in dimensions L1 anc L2 anc tapers tc an 
opening 40 o~ about 1 3'8" a: the tip. Tne top 42 o' tne spreader is approximately 6" square. Top portion 42 
is mated tc tne turouiator 24 portion o f tne turbu.ator -nozzle assembly which is made of tnree series 

The bottom-most section 46 is a Rascnig ring packed turouiator made of a pipe of appro <irr,ately 4" 
2$ diamete- whicn is packec with 3'8 M OD X 3"16" ID >" 3-B" «ong oiastic (polyprcoyiene * Rascnig rings. At 
poth ends of the Raschig ring turbu-atn' 46 is a screen witn mesn small enough to contain tne Rascnig 
rings. Tnis turbulato' is approximately 12 inches in lengtn 

The middle section 48 is a sphere packed turbulator wnich is approximately 6 incnes in length, This 
section is similarly made of pipe of approximately 4 inch diameter which is packed with 1 '2" cr 3/8" 
25 polypropylene spheres. Once again, screens a r e used to contain the spheres cr the turbulator 

Tne uppermost section 52 forms a tjreuiator and is made o* narrower diamecei pipe navmg a one inch 
inner diamete* anc approximately 6 incnes length. Tn>s section 52 is loosely packed witn stainless steel 
turnings such, as tnose used lor scouring pads (e.g. Cnore-Boy ' k ' brand scouring pacs). 

Tne upoe- end o* the packed turouiator 52 is attached to a mixing cnamber 56. Air and foam solution 
3 r j are injectec into this mixing chamber 56 tn-ough internal orifices (not shown). Tne solution pressure at tn:s 
ooin*. is approximately 80-95 psi witr a *eed rate o- 12-16 gallons of solution pe> minute per nozzle. Air -s 
injected a; approximately 30-95 psi a* this com: to provide an expansion of approximates 12-16 times. 

m operation, tne foam solution anc a:r mi/ture arc delivered tc the turouiator - nozzie assembly where 
tnree stages of turpjiatior, taKe place ~irst in the steei turnings pacKec turoulato; 52. seconc in tne sphere 
cr. oaoec curbuiaio: 48 anc finally in the Rascntc. ring tunousato: 45. "inaliy. trie foam is ceiivered to the duck 
o\\\ snapoc spreads' 26 whee it comes c-ul arc :s sp-eac ove* tne landfi!:. Tne thiCKoess y tne oianKec car 
oe controlled cy the- soeec of the vertices, tne neignt and rigidity of the scee: 34 and tne cehvery rate or' 
tfie foam. 

Tc oPtair a s > men tnicr: p-ann.-v. :c :and ; il' apoi cat on. tne- so uticr- :s appi.co at a rate 
-r apr 1 ' C'x:matc;K 30 '2 t: 50C soua* e fee*, ze- 10. ca!ion= cr 2 C C solution <:■' 5 cove* rg of ao:: - ox»rn,a;ei\ :< > 
nor. as !• oeptr: Tn( vasr snouic: o:oieiro\ p conr. o.tco ;r :»• tc app.icai.on o ; [>;■;■ ioar? r uroe* t: mc-c 
;. \ - r.. '"a . . Tn:? :c genera! \ n • ;/ >:.■■ ■ ■ " s;rr-c tne Sida.ce o" tne iandf$! : .= mp'C p- • ; • 

jls: tone- tc appiicaion. cr' tne foam, tne solution is r xec from, a concentrate witr ar- aoo'Opr.ate an-oun: cr 
■< v. ate: ic: form a solution o* approximately 3 L 'c i \ volume (tnat is 3 parts o* tne concentrate is diluted wtr 07 
pars o ; water py voiume to produce a 3 c c scrution Tne stapiiize- is added anc this so I uti or is mi:«ed and 
trio- applied as aescnoec aoovc. Tne notem icam remains soft and -carry to seme t.me atte- aPpMC.ation. 
wmcr aliows O' ?:.inG serthng into- cracks and crevices writer tour ir tne suilace of tne wvKing face.. When 
mce rpf -use :s tc r>e acnep. it :s simptv Placed on toe o' tne lave- o* cotem mam wn-cn ossennal ; v 
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coviae enojgr o* t came- tc eftecrveiy tnwa^ c ,r cs anc otne- wiidiife T ne "cam: is re:at've : y narmiess tc 
wiidiife r<gestec c Dreathec tr. smai cuamTes a^c eras aooea" tc oe reoeliec somewna: oy it. 

Tnjs :t s aoc-a^ert tnat x. accc'cance witr tne oresent invention, ar tmcrovec aooaratus arc metnoc 
tnat i u -i> satisfies tne oojecuves. aims ana advantages s set forth above. Wniie tne inverse has bee^ 
oesciuec in conjunction witr soecihe embodiments. ;; is evident that nary alternatives, variations 
modifications ana oermuiations w:l: oeeome aopatent tc tnose SKilied in the art in tight of tne foregoing 
description. Aecorang:y ; t 4 is intencec tr.at tne oresent invention embrace al ; such alternatives, variations 
modifications anc permutations as fai witnin tne soirit and oroac scooe of tne appended damns 

Claims 

1. A motnoc far covering a substrate naving one or more surfaces exposed tc tne environment to orovide 
a semipermanent carrier layer between satd suostrate and tne environment, characterised by tne 
following steos in combination: 

providing an apueous solution o* dispersion consisting essentially of a biodegracaoie protein 
aersved from a concentrated protein hydrolysate solution of about 35 to 7C°/o hyaroiysate by weight anc 
one or more foam stabilizing agents: 

mixing saic solution o- dispe-sion witr. ar tc produce a foam: and 

acplyinc said foam to the exposed surface or surfaces of said substrate. 

2. The metnod cr claim 1, further comprising tne step of levelling the foam layer tc produce a 
suostaniialh uniform, covering 

3. The method of claim 1 or claim 2, whereir said solution or dispersion is mixed from a concentrate 
comorsmg the following ingredients with the aporoximate percentages given oy weight: 

protein hydrolyzare (concentrate) 35-70% 

polyvalent metallic salt 1.0-2.5% 

roam booster 3.0-7.0% 

oarcericide 0.1-0.2% 

di s per sane 10-14% 

water balance 



4. The metnod cr claim 1 0' claim 2, wherein said solution or dispersion is mixes from a concentrate 
comprising tne- following ingredients witr tne aporoximate percentages given oy we gnt 

p r c i e i n h y c r o 1 y z a tc e (concer.:ra:e! 3 5-70% 

hexylene glycol 3-7% 

oacLericide 0.1-0.2% 

iron sale (Ferrous Chloride) 1.0-2.5% 

sodium 1 igrtcsulf ona:e 10-14% 

ware: balance 



5. The metnod o 4 any oreceoinc claim, furtnor comonsing tne stec of adding a second foam, stabilizer tc 
saic solution o* dispersion. 

6. The method of claim 5. wherein said second foam staoiiizer comprises oetween 0.03 and 0.1 0°c 
xanthan gum oy weight of said solution or dispersion. 
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7. Tne ;etr.;c o*' an\ D'-::e:n: c;aim '.vncsr sac sjcsra:; s se;ee:ee r-:vr :-e cr:^: :o~5!sc o - c 
ancniis. -azarnojs wastes, sc.: contaminate w:y naca'coas waste? o- vac s,..::e sewage 

: or rocs: C:.ei, an 3 a'tificia: structu-es. 

8. A r-.etroc fy vjvenn r a wo:ki:;c; ; aee e' a .anrJiil u- ;itri«» snjraoe iajjrc, iv r^ijst. ,; IG ; S -j&vin 
i&achaie reservoir, cna-aciensec; oy tne fo lowing steps ir comomat or.. 

Dividing an aoueous soiunor q- d:spersicr, c/ an esser t.ahy oiooeg:acaoie o-c:e - an; one c 
ncre loan stabilizing agents: 

mixing sate solution or dispersion witn an tc produce a foam,: anc 

apoly.ng saic foam to said working face to a oeptr. aoeauaie tc cove' tne refuse or sane worKinq 
face. 

9. The method of claim 8. wherein saic soiunor or dispersion is prepared oy diluting tne conconnatc witn 
ieachate ootained from tne ;andfil"s .each ate reservoir 

10. A fcamaoie concentrated solution o- dspersion suitable fo- carrying out the metnoc c ; any P'ecedmc 
claim consisung essentially of about 35 tc 7C% by weight of a hydrolysed orotem. aoout 1 X to 2.5% 0": 
a puiyvaieni metallic salt, aoout 3.0 tc 7.0% of a foam booster, aoou; 0.1 to 0.2% of a Dactencide. 
apoot 10 tc '4% of a dispensant and tne balance water. 
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